Objectives: To assess patients with recurrent high grade brain glioma with the aim of evaluating facets of quality of life (QOL) and their association with mood, cognition, and physical performance. Methods: Ninety four glioma patients (four groups with different duration of glioma recurrence) were compared with 24 patients with other chronic neurological diseases and 48 healthy subjects. The Functional Living Index-Cancer (FLIC) provided QOL self evaluations, and standardised scales and neuropsychological tests assessed physical performance, mood, and cognition. Results: In glioma patients, factor analysis of the FLIC items documented five domains: Psychological well being, Role/sociability, Inner experience of disease, Isolation/sharing, and Nausea. Higher FLIC total scores were related to better cognition, physical performances, and mood, and lower grading; poorer Psychological well being and worse Inner experience of disease to depressed mood; minor Role/ sociability to worse cognitive and physical performances and higher grading; worse Nausea to longer disease duration. Compared with healthy subjects, all glioma groups were cognitively impaired and more anxious, and two groups with short duration of recurrence were also more depressed. Patients with chronic neurological diseases showed worse mood and cognitive abilities compared with healthy subjects, but performed attention tests better than glioma patients. Glioma and chronic disease patients showed similar FLIC scores and autonomy. Conclusions: These results show that QOL of recurrent high grade glioma patients is multifaceted and determined by multiple factors. Disease severity does not necessarily eliminate the possibility of expressing personal feelings and opinions which could provide criteria for clinical decision making and psychological support.
T he quality of life (QOL) is a complex entity that originates from the interaction between a person's values and expectations and his/her actual experience. 1 By imposing changes in everyday life and requiring congruent coping, diseases and treatments constitute a new dimension that is inserted in a pre-existing set of satisfying or unsatisfying aspects of the QOL. Brain tumours seriously affect health related QOL because they threaten autonomy and survival. Although combination treatments may improve prognosis, 2 3 survival remains time limited. Median survival is 24-36 months for anaplastic astrocytomas and 12 months for glioblastomas; after recurrence, it can drop to 10 months for anaplastic astrocytomas and three months for glioblastomas. 4 In this framework, the maintenance or restoration of an acceptable QOL could counterbalance poor survival and justify repeated treatments, thus representing a valuable goal. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] After the recurrence of a brain tumour, the evaluation and care of the QOL are even more important because treatments are not always expected to lengthen survival. Previous studies have shown that the emotional components of the QOL significantly worsen after brain tumour recurrence, 9 whereas other studies have examined the association of health related QOL to the burden of neurological symptoms, 14 19 22 or analysed the QOL as an endpoint of treatments with temozolamide and procarbazine. 19 23 24 However, there have been relatively few multidimensional QOL self evaluations together with external assessments, or studies of the correlation between subjective QOL and specific affective and functional parameters. In particular, little attention has been given to the personal facets and meaningful themes of the QOL as reported by patients with brain tumours. 25 26 This scenario gives rise to an impression that, after the recurrence of a brain tumour, uncertainty, loss of hope, and the perspective of near death surpass any intention to understand patients' QOL other than in the functional sense. Conversely, QOL evaluations including personal feelings and opinions intuitively deserve attention in such life threatening situations because they can support clinical choices in concert with patients' desires and awareness.
Comprehensive QOL observations after brain tumour recurrence may be prevented by implicit difficulties in recruiting and maintaining adequate patient samples as a result of a progressive decrease in general conditions and collaboration. Cognitive impairment affecting the patients' ability to understand and answer specific questions can consistently prevent reliable self ratings, 27 and all of these problems prevent longitudinal QOL evaluations in particular.
Our study evaluated the QOL in adult patients with recurrent malignant brain glioma using self evaluations and external assessments of personal, affective, and functional aspects. The specific aims were: (1) to evaluate the subjective facets of the QOL; (2) to explore the relations between self reported QOL dimensions and physical, cognitive, and emotional functioning; and (3) to compare patients with different durations of tumour recurrence with healthy subjects and patients with other chronic disabling neurological diseases; the patients with chronic diseases were selected because they also had long lasting neurological symptoms and changes in daily autonomy and life's perspectives, although they did not share the grim prognosis of patients with glioma.
PATIENTS AND METHODS

Subjects
One hundred and sixteen patients with disease recurrence after surgery, radiotherapy, and chemotherapy for malignant brain tumours participated in our study between October 1991 and February 2000. This group comprised some of the 412 inpatients with brain tumour assessed for QOL and neuropsychological performances during diagnostic and treatment courses in our neurological department. The patients were retrospectively included in our study if they satisfied the following criteria: (1) histological diagnosis of glioblastoma or anaplastic astrocytoma (World Health Organisation grades III-IV); (2) clinical and radiological evidence of disease recurrence (as revealed by magnetic resonance imaging); (3) indication for chemotherapy (Karnofsky performance status (KPS) 28 , > 60); (4) an age of more than 14 years; (5) at least three years' schooling; (6) the absence of previous psychiatric diseases or intellectual deficits; and (7) informed consent to the evaluation.
Fifteen patients were excluded because they had different histological diagnoses (three medulloblastomas, five lymphomas, five low grade gliomas, one primitive neuro ectodermal tumour, one metastasis), and seven because they could not perform the neuropsychological tests. Of the 94 patients included in the analysis, 68 could complete the questionnaires autonomously, whereas 26 needed assistance because of attention (12 patients), language (six patients), perceptual (one patient), or movement difficulties (seven patients). In these cases, a neuropsychologist read the questionnaires and wrote the patients' responses. The patients who could not complete the questionnaires autonomously did not differ in terms of age, education, disease duration, or KPS score from the others.
The patients were divided into four groups on the basis of the time interval between tumour recurrence (as indicated by radiological evidence) and the evaluation (group I, one month; group II, two to six months; group III, six to 12 months; and group IV, . 12 months). Separate one way ANOVA showed that disease duration (F(3,90) = 7.43; p = 0.0002) and the time interval between the recurrence and evaluation (F(3,90) = 65.96; p , 0.0001) were significantly different in the four groups, whereas there were no differences in the time to tumour progression, age, or education. Twenty nine patients underwent biopsy and 65 patients underwent subtotal or total tumour resection at the time of diagnosis, and there were no differences between the four patient groups. Fifty one patients underwent reoperation by subtotal resection after glioma recurrence. Chi squared statistics showed that the distribution of grade III and IV gliomas (x 2 = 5.67; p = 0.001, with less grade IV gliomas and more grade III gliomas in groups III and IV) and patients undergoing more than one operation (x 2 = 7.72; p = 0.005, with more re-operations in groups III and IV) was significantly different in the four groups, but no difference was found in the distribution of tumour location, sex, or marital status (table 1) . After the first surgical operation, all of the patients had undergone fractionated radiotherapy using total radiation doses of 5000-6000 Rads. Radiotherapy was performed by external beam radiation with limited fields on the enhanced area with 2 cm margins and a dose/fraction of 1.8-2 Gy, according to a conventional (one fraction/day) or hyperfractionated (2-3 fractions/day) protocol.
Chemotherapy had been performed during or after radiotherapy using different combinations of carbiplation, cisplatin, and etoposide in three day treatment schedules repeated for up to seven to 10 cycles, with intervals of four to five weeks. At the time of the evaluation, all of the patients were receiving steroid treatment. The controls were 48 healthy subjects recruited from our hospital staff and 24 patients with other chronic neurological diseases (chronic paraparesis, multiple sclerosis, myasthenia gravis, polyneuropathies). All control patients had chronic motor disabilities and uncertain prognosis relating to disease progression. In addition, the patients with multiple sclerosis, myasthenia gravis, or polyneuropathies faced the possibility of acute or life threatening neurological symptoms; in particular, patients with multiple sclerosis had a history of brainstem or spinal cord attacks with bulbar palsy and quadriplegia; the patients with polyneuropathies reported disturbances of autonomic functions and trunk motor palsy with respiratory failure; and the patients with myasthenia gravis experienced weakness of the pharynx, larynx, neck, and chest muscles. The patients with multiple sclerosis or chronic paraparesis also reported cognitive failures, whereas the patients with polineuropathies or myasthenia gravis complained of mental slowing, which motivated neuropsychological examination. The combination of disabilities, chronic progression, and unpredictable impairments prevented the control patients from making decisions and projects, although their diagnoses allowed more hope of survival than in those with high grade gliomas. Compared with the healthy controls, the group I and II patients with glioma and the patients with other chronic diseases were significantly older (F(5,160) = 7.36; p , 0.0001); the patients with other chronic diseases also had lower education levels (F(5,160) = 6.55; p , 0.0001) (table 1).
Self evaluation scales and neuropsychological tests
The Functional Living Index-Cancer (FLIC), 29 a visual analogue scale, was chosen for the QOL self evaluation because it had previously been well accepted by the patients and their families, and had been found to discriminate different disease stages by showing the worst level in patients with recurrent gliomas. 9 A higher FLIC total score indicates a better QOL. Perceived mood was self rated using the State Trait Anxiety Inventory (STAI 1-2) 30 and the Self Rating Depression Scale (SRDS), 31 where higher scores indicate worse anxiety and depression. Autonomy in everyday activities was evaluated by the Activity Daily Living (ADL) scale, 32 and physical functional performance by the KPS scale 28 which provide direct indices of autonomy. Raven's Coloured Progressive Matrices (RCPM), 33 Attentive Matrices (AM), 34 Trail Making Test (TMT A-B), 35 and Story Recall (SR) 36 were used to assess abstract reasoning, selective attention, visuomotor coordination, divided attention, and episodic memory, respectively; higher test scores indicate better performances, except for the TMT, which provides time scores inversely associated with the level of performance. The healthy subjects completed the anxiety and depression scales, and underwent the neuropsychological tests; the patients with other chronic neurological diseases were also administered the ADL and FLIC scales (without adaptations of the contents).
Data analysis
The internal consistency of the FLIC in patients with glioma was assessed by computing Cronbach's a coefficient. The domains making up the FLIC structure in patients with glioma were assessed by factor analysis of the 22 FLIC items to evaluate specific associations in patients with glioma. The items were attributed to one factor on the basis of a factor loading of more than 0.40, with the factor being identified according to an eigen value of more than 1. A separate factor analysis was used to assess the scores of the mood, daily activities, and performance status scales, and the neuropsychological tests, aiming to determine the structural composition of the whole battery and to reduce the number of the independent variables included in correlation and regression analyses. Separate Pearson's analyses assessed the correlation of the FLIC total score and factors with the mood, performance, and neuropsychological factors, age, education, disease duration, time to tumour progression, and the interval between recurrence and assessment. We used t statistics to compare patients of different sex, marital status, and tumour grading, and one way ANOVA to compare patients with different tumour locations (hemispheric left and right, anterior, and posterior). Multiple stepwise regression analyses were used to explore the influence of the above independent variables on the FLIC total score and factors. Comparisons between the patients with glioma in the different groups, the healthy subjects, and the patients with other chronic diseases were made by means of parametric ANOVA and Bonferroni's tests (for STAI, SRDS, and SR) or Kruskall-Wallis non-parametric ANOVA and Mann-Whitney tests (for FLIC, RCPM, AM, and TMT) because of the non-homogeneous variances in the test scores. Table 2 shows the mean scale and test scores obtained by the patients with glioma, healthy subjects, and the patients with other chronic diseases. In the patients with glioma, the internal consistency of the FLIC items was expressed by a Cronbach's a coefficient of 0.91. Factor analysis of the FLIC items identified five factors: Psychological well being, Role/ sociability, Inner experience of disease, Isolation/sharing, and Nausea (table 3) . Factor analysis of the other scales and tests revealed three factors: Cognition, Mood, and Physical performance (table 4) .
RESULTS
QOL and neuropsychological performances in patients with glioma
Relations of self reported QOL to mood, functional aspects, and disease related variables Table 5 shows the results of Pearson's analyses revealing significant correlations of the FLIC total score and Psychological well being, Role/sociability, Inner experience of disease, and Nausea factors with the factors of Cognition, Mood, and Physical performance, and disease duration. The FLIC total score or factors did not correlate with time to tumour progression, the interval between recurrence and assessment, age, or education. The Isolation/sharing factor showed no correlations.
T statistics reveal no differences in the FLIC total score, STAI, SRDS, KPS, ADL, or neuropsychological test scores between male and female patients, or married and unmarried patients. Comparison of the patients who underwent one surgical operation and those who underwent more than one showed significant differences in disease duration (t(92) = 24.83; p , 0.001), time to tumour progression (t(92) = 23.90; p , 0.001), and the interval between recurrence and assessment (t(92) = 23.48; p = 0.001) because of the longer intervals in the re-operated patients. The re-operated patients were also younger (t(92) = 2.42; p = 0.01) and had a higher education level (t(92) = 21.99; p = 0.05) than the others, whereas there were no differences between the two groups in the QOL scales and neuropsychological test scores. The patients with grade III and IV glioma had different FLIC total scores (t(92) = 2.31; p = 0.023), and KPS (t(92) = 3.42; p = 0.001) and AM scores (t(92) = 2.87; p = 0.005; lower in patients with grade IV glioma); they also differed in terms of age (t(92) = 22.75; p = 0.007; patients with grade IV glioma were older), and disease duration (t(92) = 5.48; p , 0.001), time to tumour progression (t(92) = 4.86; p , 0.001), and the interval between recurrence and evaluation (t(92) = 2.68; p = 0.009; longer in patients with grade IV glioma). One way ANOVA revealed no differences between the patients with different hemispheric tumour locations in terms of the QOL scales and neuropsychological test scores, or in terms of clinical variables.
Multiple stepwise regression analysis showed that the FLIC total score was significantly and positively associated with the Mood, Cognition, and Physical performance factors. Of the FLIC factors, better Psychological well being and Inner experience of disease were positively associated with the Mood factor; and Role/sociability with Cognition and the Physical performance factors. In terms of clinical variables, regression analyses showed that the FLIC total score and the Role/sociability factor were inversely associated with tumour grading, and worse Nausea was associated with longer disease duration. Isolation/sharing showed no associations (table 5) .
Between group comparisons
The QOL scales and neuropsychological tests were compared between the four glioma groups belonging to different disease epochs and the two control groups. Significance was set at p ( 0.0062 (according to Bonferroni's correction for eight pairwise comparisons for each test measure at an overall a error of , 0.05 for each factor). Considering the numerical differences between patient and control groups, these comparisons had an exploratory nature, aiming to highlight emergent features of QOL in recurrent glioma groups. Between group comparisons using parametric one way ANOVA for STAI1 (F(5,160) = 19.49; p , 0.0001), STAI2 (F(5,160) = 10.46; p , 0.0001), SRDS (F(5,160) = 10.21; p , 0.0001), and SR (F(5,160) = 14.27; p , 0.0001), and Kruskall-Wallis ANOVA for RCPM (x 2 = 46.19; p , 0.0001), AM (x 2 = 77.37; p , 0.0001), TMTA (x 2 = 67.43; p , 0.0001), and TMTB (x 2 = 58.05; p , 0.0001) showed significant differences in anxiety and depression scales and neuropsychological test scores. No difference was found between the patients with glioma and those with chronic disease in the FLIC or ADL scores. Post hoc tests revealed that the four glioma groups and the chronic disease group had higher state and trait anxiety levels than the healthy controls, whereas only the group I and II patients with glioma and the patients with chronic disease had higher depression levels than the healthy subjects. In comparison with the healthy controls, all of the glioma groups and the chronic disease group were impaired on the RCPM, SR, AM, and TMT. In comparison with the patients with chronic diseases, the group II patients with glioma had lower AM scores. No differences were found between the glioma groups (table 6). Given the specific attention impairment of patients with glioma, a regression analysis was used to explore the association between disease duration and AM scores, including the neuropsychological test scores, STAI, SRDS, and KPS scores, age, education, and the type of first surgery as independent variables. The analysis showed a longer disease duration to be associated with better attention functioning (R 2 = 0.074; F = 5.54; p = 0.021). No association was found between disease duration and the other cognitive test or scale scores or clinical variables.
DISCUSSION
Our results show that the global QOL level of patients with recurrent brain glioma (as expressed by a mean FLIC score of 104) was poorer than that previously seen in patients with stable disease (a mean FLIC score of 116), 15 but not worse than that seen in patients with other types of cancer (a mean FLIC score of 107) 29 or patients with other chronic neurological diseases (a mean FLIC score of 105). The relatively acceptable QOL level in our patients with glioma is consistent with the selection criteria of a willingness to perform neuropsychological tests and an indication for chemotherapy, which excluded serious functional impairments. In this regard, patients referred for chemotherapy because of a recurrent glioma usually have a better prognosis than untreated patients. 37 On this basis, our patients were highly selected and cannot reflect the condition of seriously ill patients whose QOL can only be evaluated by means of an external assessment of functional aspects. However, in terms of disease duration, they were comparable with other patients with glioma described in the literature. 4 Factor analysis of the FLIC items revealed that the self rated QOL in these patients covered five main facets: Psychological well being, Role/sociability, Inner experience of disease, Isolation/sharing, and Nausea, which parallel well known dimensions in patients with brain tumours. 14 38 The FLIC factors observed in our patients with glioma also shared the psychological, social, and nausea components described in other patients with cancer, 29 although physical well being was not a separate factor. On the basis of the correlation and regression analyses, the FLIC total score proved to reflect emotional, cognitive, and functional aspects, and the FLIC factors showed good concurrent validity with respect to standardised instruments, supporting the results of the factor analysis. In particular, worse Psychological well being and Inner experience of disease were associated with higher levels of anxiety and depression, and minor Role/sociability was associated with poorer cognitive and physical performances, in line with the role played by these abilities and the emotional impact of the disease in daily life. These findings, together with a high internal consistency (an a value of 0.91), confirm the accuracy and reliability of the FLIC in exploring QOL in patients with recurrent glioma, in line with the results of previous studies in patients with different brain tumours. 9 15 It is worth noting that the psychosocial themes represented a major component of QOL in patients with glioma, although the subjective perception of overall well being was also related to objective cognitive and physical functioning. In addition, the Isolation/sharing factor did not relate to other scale or test scores, or to the indices of disease severity and progression, suggesting that this factor is a primary psychological facet (an original individual theme that bears personal meanings), rather than a mere sum of performance and disease related factors. These findings suggest that, in patients with glioma, disease severity does not necessarily prevent the expression of personal feelings, and are in line with the observations that brain damaged patients may express various subjective definitions of QOL because each person attributes a unique meaning to his/her QOL. 39 Accordingly, previous studies also showed that, in life threatening situations, patients' points of view, personal feelings, and core meanings can influence clinical outcome and coping. 40 41 Our patients with grade IV glioma had lower perceived global QOL levels and physical and attention performances than those with grade III glioma. This may be because the patients with grade IV glioma were older than those with grade III glioma, and because clinical worsening was faster after the recurrence of grade IV glioma. Histology, age, and performance status are important prognostic indices for survival in patients with recurrent glioma. 42 Furthermore, in patients with non-recurrent glioma, the better QOL associated with grade III glioma parallels longer survival, which is a well known consequence of histological grading and age effects. 37 Re-operation did not lead to a difference in the QOL, although the re-operated patients survived longer, were younger, and had a higher educational level than those who underwent one operation only. This lack of difference in QOL cannot reflect the overlapping effects of combined treatments because all of our patients had undergone both radiotherapy and chemotherapy after surgery, thus suggesting that repeated operations may allow longer survival without improving the QOL.
The lack of a difference in QOL between patients with different tumour locations may depend on the fact that tumour recurrence and the multiple treatments prevent specific brain behaviour correlations.
As expected, our patients with glioma were significantly more anxious and cognitively impaired than the healthy subjects. However, it is worth noting that depression was not significantly worse in the two latest disease epochs (six months after recurrence) in comparison with the healthy subjects. The similarity of this result with those of a previous study showing considerable anxiety and depression in the early stages of disease 9 suggests that mood may worsen soon after both the diagnosis of disease recurrence and the initial communication of a tumour diagnosis, because both situations are very stressful. When combination treatments are planned and patients enter serial hospital procedures thinking that something can still be done, renewed hope, feelings of protection, and emotional adaptation may contribute towards improving mood. The preservation of a good mood more than six to 12 months after glioma recurrence may be explained by the maintenance of a stable QOL, which did not worsen in subsequent epochs or, alternatively, an acceptable QOL may be explained by a preserved mood. In any case, these findings suggest that QOL and mood are coherent factors that do not necessarily worsen after disease recurrence. The perceived QOL and mood of our patients with brain tumours were not different from those of the patients with other chronic diseases, thus suggesting that their subjective perspective is not necessarily worse than that of patients with different disabling diseases. Conversely, the greater attention impairment of patients with glioma supports the hypothesis that cognitive impairment is an outstanding sign of patients with brain tumours, and constitutes a main domain of their QOL. 6 7 9 15 38 In addition, the results of the regression analysis suggest that the attention deficits may predict the disease duration irrespective of other cognitive deficits, the level of anxiety and depression, physical performance, age, education, and the extent of the initial surgery. The specific involvement of attention in these patients may be related to the histological features and growth of the lesion: tumour infiltration through surrounding brain areas and mass effects on distant structures can cause dysfunction of widespread neuronal pathways, such as those involved in the attention system. 43 In addition, a slowly progressive tumour growth may allow the preservation of some of the cognitive functions related to the site of the tumour. 44 Our findings support those of Meyers et al, 18 and indicate that the predictive role of verbal memory deficits on patients' survival, irrespective of clinical, histological, and surgical variables, may result from the fact that memory functions also involve widespread neuronal pathways. Taken together, these data confirm that attention and memory deficits represent indices of tumour progression, marking both QOL and survival of patients with brain tumours.
The results of our study, in particular the patients' willingness and ability to express their point of view, and the significant influence of mood, cognition, and physical performances on QOL, may have practical implications. Patients can communicate their opinions about the diagnostic and therapeutic course, accepting or refusing to give informed consent, in line with the ethical principle of self determination. Psychological support for patients and families (such as counselling, family groups, self support, etc) could be tailored according to the personal appraisal of QOL, reactions, and strategies of coping. Cognitive and motor rehabilitation could be combined to address the disabilities. 45 Although these treatments do not necessarily lengthen patients' survival, they could satisfy the psychological needs of the patients and their families, contributing to improve QOL.
In conclusion, the results of our study show that QOL self evaluations and multidimensional assessments are feasible in selected patients with recurrent glioma. Although multiple themes concur in determining the perceived QOL of these patients, psychosocial facets are the strongest determinants. Conversely, clinicopathological variables other than tumour grading do not significantly influence subjective QOL, and the subjective and assessed QOL dimensions are not worse than in patients with other chronic neurological diseases. The results contrast with the expectation of a progressive deterioration in autonomy and awareness after glioma recurrence, suggesting that recurrence does not necessarily eliminate hope or the possibility of expressing personal feelings. Patients' opinions can provide reliable criteria for clinical decision making and psychosocial support.
